Background: Uncontrolled blood pressure (BP) is relatively common despite treatment with antihypertensive medication. This study aimed to investigate factors associated with uncontrolled systolic BP (SBP) and diastolic BP (DBP) separately in hypertensive patients with high medication adherence in Korea. Methods: This population-based cross-sectional study included 3,236 participants in the Korea National Health and Nutrition Examination Survey from 2013 to 2015. Hypertensive patients with high medication adherence were defined when they stated that they were taking antihypertensive medication daily. "Uncontrolled SBP and DBP" were defined as SBP ≥140 mm Hg and DBP ≥90 mm Hg, respectively. Data were analyzed using logistic regression to determine the association between uncontrolled SBP or DBP and various factors. Results: The prevalence of uncontrolled SBP and uncontrolled DBP was 23.3%, and 9.0%, respectively. In multivariate analysis, uncontrolled SBP was positively associated with older age, female sex, blue-collar occupation or no work (vs. white-collar), presence of a spouse, short sleep duration, frequent heavy alcohol drinking, longer hypertension duration, diabetes, stroke, and missing antihypertensive medication on the examination day, but negatively associated with high stress. Uncontrolled DBP was positively associated with frequent heavy alcohol drinking, but negatively associated with older age, blue-collar occupation or no work (vs. white-collar), and diabetes. Conclusion: After excluding low medication adherence, we identified various factors associated with uncontrolled SBP or DBP in Korean adults with treated hypertension. There were differences between factors associated with uncontrolled SBP or DBP. Separate analysis of SBP and DBP may help understand the factors involved in BP control.
INTRODUCTION
Hypertension, also known as high blood pressure (BP), is a common chronic medical condition in adults and a well-established risk factor for cardiovascular disease, cerebrovascular disease, and kidney disease. It is relatively common for BP to be uncontrolled despite treatment with antihypertensive medication. In a population-based study conducted from 2011 to 2012 in the United States, 30% of the treated adults had uncontrolled systolic BP (SBP) ≥140 mm Hg or diastolic BP (DBP) ≥90 mm Hg. 1) In low-and middle-income countries, the rate of uncontrolled BP has been reported to be over 70%. 2) Various factors are related to uncontrolled BP, including treatmentrelated factors (such as low medication adherence and suboptimal therapy) and other factors (such as patient demographics, socioeconomic status, lifestyle factors, comorbidities, and duration of hypertension). 3, 4) Understanding these factors may help predict difficult-tocontrol hypertension and determine treatment plans. Since low adherence medication is the first factor to be excluded in patients with uncontrolled BP, studies conducted on patients with high medication adherence are needed. 5) In addition, since the physiologies of SBP and DBP are different, separate analysis of these two BPs may help understand the factors involved in BP control. 6) Therefore, this study aimed to investigate factors associated with uncontrolled SBP and DBP separately in hypertensive patients with high medication adherence in the general population of Korean adults.
METHODS
This study followed the tenets of the Declaration of Helsinki, and it was approved by the Institutional Review Board of Dongguk University Ilsan Hospital (IRB approval no., 2018-12-024). Data of the sixth Korea National Health and Nutrition Examination Survey (KNHANES) were used for this study. The data pertained age, sex, residential area, education level, occupation type, house income, spouse status, stress perception level, exercise intensity and frequency, sleep duration, smoke status, alcohol drinking behavior, history of antihypertensive medication, hypertension duration, history of diabetes, myocardial infarction (MI) or angina, stroke, dyslipidemia, thyroid disease, depression, chronic kidney disease, or liver cirrhosis, antihypertensive medication intake status on the day of examination, SBP and DBP, body mass index (BMI), and waist circumference (WC).
Study Population
The KNHANES is a nationwide survey administered by the Korea Centers for Disease Control and Prevention (KCDC). The sixth KNHANES was conducted from 2013 to 2015 and included a random sampling of 9,491 households across 576 national districts selected by a panel to represent the South Korean population through a stratified, multistage, clustered sampling method. The survey included a health interview, nutritional survey, physical examination, and blood tests. For the blood test, fasting was instructed after dinner the day before the test.
Hypertensive Patients with High Medication Adherence
In the survey, participants were asked how often they took antihypertensive medication to control their BP. Hypertensive patients with high medication adherence were defined as those who answered that they took antihypertensive medication daily. In the present study, participants who took daily antihypertensive medication were included for further analyses.
Variable Definitions
A participant was considered to live in an urban residential area if they lived in "dong" of the city administrative district and rural if the participant lived in "eup" or "myeon" of the country's administrative district.
Their educational level was categorized as either lower than middle school graduation (≤9 years) and higher than high school graduation (≥10 years). Occupation was classified according to the Korean Standard Classification of Occupations as follows: group 1 (managers, professionals, and related workers); group 2 (clerks); group 3 (service and sales workers); group 4 (skilled agricultural, forestry, and fishery workers); group 5 (craft, equipment, and machine operating and assembling workers); group 6 (elementary workers); and group 7 (housewives, students, and unemployed). In this study, groups 1 and 2 were merged into white-collar type, groups 3, 4, 5, and 6 were merged into a blue-collar type, and group 7 was classified as "no work" type. The median monthly house income was 1,500,000 Korean won (KRW) in 2013, 1,480,400 KRW in 2014, and 1,575,900 KRW in 2015. The house income was divided into two groups based on median values. Spouse status was considered as 'no spouse' in the case of bereavement or divorce, otherwise, it was considered as having a spouse regardless of whether they were living together or not. The stress perception level was classified as "low" if they did not feel any stress or feel a little; otherwise, it was considered as "high" if they felt a lot of stress or felt very much. Regular exercise was defined as walking activity for at least 30 minutes per day for at least 5 days a week. Current smoker was defined if the participant was a current smoker of cigarettes with a total of ≥100 cigarettes during their lifetime. The frequency of alcohol drinking and heavy drinking in the most recent year was surveyed. Heavy alcohol drinking was defined as drinking more than 7 cups of liquor or soju (Korean distilled liquor) or more than 5 cans of beer.
Diabetes, MI or angina, stroke, dyslipidemia, thyroid disease, depression, chronic kidney disease, and liver cirrhosis were defined as self-reported physician's diagnosis. BP was measured three times by trained nurses with a mercury sphygmomanometer (Baumanometer; Baum, Copiague, NY, USA) in a seated position with arm height adjusted to the heart height after a minimum of 5 minutes of rest. The average of the second and third measurements was used as the final BP value. SBP ≥140 mm Hg and DBP ≥90 mm Hg were defined as "uncontrolled". Obesity was defined as a BMI ≥25 kg/m 2 , and abdominal obesity was defined as WC ≥90 cm in men and ≥85 cm in women.
Statistical Analyses
Statistical analyses were performed using IBM SPSS software ver. 20.0 https://doi.org/10.4082/kjfm. 19 .0051 (IBM Corp., Armonk, NY, USA). For comparisons between two groups, chi-square analysis or Fisher's exact test was used for categorical variables. Results are expressed as mean±standard deviation. Logistic regression analysis was used to identify the association between uncontrolled BP and other variables. A stepwise method with iteratively adding and removing predictors to find a subset of variables in a data set was used for multivariate analysis, and the odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. All statistics were twotailed and a P-value of <0.05 was considered significant.
RESULTS
A total of 22,948 Korean subjects participated in the sixth KNHANES from 2013 to 2015 ( Figure 1 ). Of 18,034 subjects aged 19 years or older, 3,360 subjects (18.6%) were taking antihypertensive medication. Of 3,360 subjects, 3,236 subjects (96.3%) were taking medication daily, 85 subjects (2.5%) were taking medication for between ≥20 and <30 days a month, 24 subjects (0.7%) were taking medication for ≥15 and <20 days a month, and 15 subjects (0.4%) were taking medication for <15 days a month. In the present study, 3,236 participants who were taking antihypertensive medication daily were included for further analyses.
The mean age of the subjects was 66.2±10.10 years; males accounted for 42.3% and females accounted for 57.7%. The mean hypertension duration was 9.7±8.13 years. The overall BP (SBP and/or DBP) was uncontrolled in 890 (27.5%) of the 3,236 subjects.
Systolic Blood Pressure
SBP was uncontrolled in 753 (23.3%) of the 3,236 subjects. The characteristics of subjects with or without uncontrolled SBP are summarized in Table 1 . The rate of uncontrolled SBP was higher in subjects with the following characteristics: older age (29.1% in ≥70 years), female sex (25.9%), low education level (25.9%), blue-collar occupation (21.9%) or no work (25.6% versus 10.5% in white-collar occupation), low house income (25.5%), low stress, short sleep duration (27.6%), non or exsmoker (24.0%), no obesity (25.2%), longer hypertension duration (32.7% in ≥25 years), diabetes (27.0%), stroke (31.8%), and missing antihypertensive medication on the day of examination (23.7%, all P<0.05).
The ORs for the association between uncontrolled SBP and other factors are shown in Table 2 . In multivariate analysis, the variables selected by the stepwise method were age, sex, occupation type, spouse, 
Diastolic Blood Pressure
DBP was uncontrolled in 291 (9.0%) of 3,236 subjects. The characteristics of subjects with or without uncontrolled DBP are shown in Table 1 .
The rate of uncontrolled DBP was higher in subjects with the following characteristics: Younger age (23.6% in <55 years), male sex (11.0%), high education level (12.7%), white-collar occupation (22.2%), high 22 
DISCUSSION
In the present study, we investigated the factors associated with un- In this study, the factors associated with uncontrolled SBP were different from those associated with uncontrolled DBP. SBP is the force that blood exerts on the arterial walls as the heart muscle contracts to propel blood, and DBP is the residual pressure exerted on the artery during heart muscle relaxation between beats. 6 In another study conducted in Lebanon, Farah et al. 8) found that older age, male sex, low and medium medication adherence, and treatment with three or more antihypertensive drugs are positively associated with uncontrolled SBP. They also described that younger age, obesity, and low medication adherence were positively associated with uncontrolled DBP, whereas being married and taking statins were associated with better DBP control.
The association of age with uncontrolled SBP and DBP in this study is consistent with the results of previous studies. The pathophysiology of blood vessels with increasing age supports our findings. When we get older, the elasticity of the blood vessel wall decreases and becomes stiff. As a result, the SBP continues to rise with age, whereas the DBP tends to decline after 50 years of age. 9) Older age may directly contribute to SBP that is difficult to control. Furthermore, the behavioral factors related to hypertension management may affect the intensity of control. Isolated systolic hypertension is more common in old age due to the vascular pathophysiology. 10) Intensive management for systolic hypertension with wide pulse pressure (PP) can increase the risk of cardiovascular disease; hence, controlling systolic hypertension with wide PP is more likely to be carefully controlled than strictly controlled. 10) Occupation type was associated with BP control in the present study. Blue-collar occupation or no work (versus white-collar) was positively associated with uncontrolled SBP but negatively associated with uncontrolled DBP. In a study of male municipal employees, bluecollar workers had a higher risk of uncontrolled hypertension than white-collar workers. 11) A cross-sectional study in the Japanese working population by Tsutsumi et al. 12) indicated that job strain is linearly associated with the prevalence of hypertension in Japanese men with a wide range of occupations and that the strain level is significantly higher in subordinates (versus manager) and blue-collar workers (versus white-collar workers). There is a lack of studies on the relationship between occupational groups and SBP/ DBP, and a causal relationship has yet to be revealed. However, more studies of occupational groups and hypertension-related to factors may explain the findings of our study.
The presence of diabetes can intensely accelerate vascular remodeling, leading to an increase in arterial stiffness. 13) As a result, diabetes may lead to changes in SBP and DBP, like age-related BP changes. This study demonstrated that like older age, diabetes was positively associated with uncontrolled SBP but negatively associated with uncontrolled DBP. In addition, insulin resistance in diabetes can lead to excess circulating insulin in the blood, which can increase BP by stimulating the sympathetic nervous system and increasing sodium reabsorption. 14) Previous studies have reported that people with diabetes are less likely to have BP control. 15) Various results have been reported on the association between sex and BP control. In a study conducted in the United States, Dave et al. 7) reported that male sex is positively associated with uncontrolled DBP in individuals taking antihypertensive medications. In another population-based study of the United States, there was no significant difference in BP control between males and females. 16) However, in the present study, female sex had a higher risk of uncontrolled SBP; this result is consistent with previous studies of Waddell et al. 17) and Berry et al. 18) who demonstrated that postmenopausal women had stiffer larger arteries compared to men. Stiffer large arteries may contribute to a rise in SBP in older women. 17, 18) Those who had a spouse were at higher risk of uncontrolled SBP in this Korean population study; however, previous studies have reported diverse results. A study in South Asia has reported that being single has a higher risk of uncontrolled BP compared to being married. 19) In a study on the general population of the United States, the control rate of hypertension was higher in currently or formerly married non-Hispanic whites and Mexican Americans, while hypertension control was not associated with marital status in non-Hispanic blacks. 20) These results seem to reflect different gender roles and cultural differences among race or ethnicity.
The current study showed that those with a short sleep duration had a higher risk of uncontrolled SBP. Zuo et al. 21) reported that sleep for >7 hours is associated with a lower risk of uncontrolled hypertension compared to sleep for <7 hours for middle-aged women with hypertension. The short sleep duration has been assumed to be related to the activation of the sympathetic nervous system, 22) and it especially affects nighttime BP levels.
It is well known that long-term hypertension can cause excessive deposition of extracellular matrix (ECM) proteins that are the main structural composition of large blood vessels. 23) Uncontrolled excessive ECM proteins can increase atherogenesis consequentially; 24) this mechanism may explain the positive association with longer hypertension duration and uncontrolled SBP in the present study.
In the present study, stroke was a risk factor of uncontrolled SBP in hypertensive patients with high medication adherence. Previous studies have shown that many patients with post-stoke hypertension have poorly uncontrolled BP. 25) In a cross-sectional study for a cohort with recent lacunar stroke, over half of the participants (52.9%) had uncontrolled SBP 2.5 months after stroke. 25) In addition, moderate-to-severe hypertension and resistant hypertension are related to the occurrence of stroke. 26) With this background, it may be assumed that hypertensive patients with stroke have difficulty in controlling BP. Because uncontrolled BP is the most important risk factor for stroke, BP in hypertensive patients accompanying stroke has to be well controlled for secondary stroke prevention.
In the current study, only 4.4% of subjects took antihypertensive medication on the day of examination. This may be the result of instructing all participants to fast for a blood test. This study showed that missing medication on the day of examination was positively associated with uncontrolled SBP in spite of normally taking regular medication. The medical institution generally recommends fasting on the day of the examination, but it should be necessary to make additional recommendations for taking antihypertensive medication. Not taking antihypertensives on the morning of the examination had a big impact on BP, even if they were normally taken every day. This underlines the importance of taking antihypertensive drugs consistently.
Psychological stress has been proposed as a factor contributing to the development of hypertension. 27) However, hypertensive patients with high stress were more likely to have SBP control in the present study. This result may suggest that stress-induced hypertension is well-controlled by medication.
The association between high alcohol consumption and hypertension has been reported in recent epidemiological and clinical studies. 28) Two cross-sectional studies (the US general population and elderly Greeks) on antihypertensive medication have consistently indicated that heavy alcohol intake is associated with lower control rate of hypertension on medication. 20, 29) In this study, heavy alcohol drinking more than once a week was a risk factor for both uncontrolled SBP and DBP. However, there was no association between frequent but not heavy drinking and BP control. The mechanism by which alcohol increases BP is unclear. Several possible mechanisms have been suggested including increased sympathetic activity and cortisol value, stimulation of the endothelium to release factors that lead to vasoconstriction, a loss of relaxation caused by inflammation and oxidative injury of the endothelium, and an influence of the renin-angiotensin-aldosterone system. 28) Husain et al. 28) have proposed that the most effective prevention and treatment of alcohol-induced hypertension is physical exercise and the use of angiotensin-converting enzyme inhibitors or angiotensin II type 1 receptor blockers in the clinic.
This study has several limitations. First, the KNHANES Survey evaluated medication adherence in hypertensive patients based on a questionnaire. In the questionnaire, the frequency of taking medication was classified according to the number of days of drug use per month; since this was dependent on their memory, a recall bias may exist. Second, white-coat effects on BP could not be excluded at the time of the examination. Furthermore, information on the type or number of antihypertensive medications could not be obtained from the survey. In addition, we could not assess whether patients were receiving appropriate medication. Third, since this study included only Koreans, it is necessary to consider racial differences when interpreting our results. Finally, the study did not reveal the influence of the doctor's judgment on BP control depending on individual characteristics. Target BP levels in hypertension control vary depending on the patient's accompanying disease, risk of adverse drug reactions, and age; 30) these factors may influence the doctor's perception of BP control depending on individual characteristics. Especially in the elderly, hypertension should be controlled with discretion. Isolated systolic hypertension with wide PP is more common in old age due to the pathophysiology of blood vessels. 10) Therefore, intensive SBP control without consideration of the wide PP may induce extremely low DBP in old age and is associated with a higher risk of cardiovascular hypoperfusion. 10) As a result, it is speculated that hypertension in the elderly may not be strictly controlled. This study did not consider doctor's behavioral factors that could influence these therapeutic goals. Future studies should consider these aspects when investigating factors related to the control or deregulation of hypertension.
The current study has several strengths. This study is based on nationally representative data from KNHANES. KNHANES contains a large volume of data that allows us to explore various aspects of the health of the Korean population, and the KCDC keeps it as an unbiased source. The current study is the first attempt to investigate factors associated with uncontrolled BP in hypertensive patients with high medication adherence in the general population of Korean adults.
In conclusion, after excluding low medication adherence, we identified various factors associated with uncontrolled SBP or DBP in Korean adults with treated hypertension. There were differences between factors associated with uncontrolled SBP or DBP. A separate analysis
